T
HE necessity for immediate decompression of the spinal cord following fractures or dislocations of the cervical spine is debatable. The presence of vertebral elements that are displaced into the spinal canal can be estimated from plain films in the majority of cases. However, detailed proof of compromise to the spinal cord by extradural impingement such as by disc herniation cannot be ascertained without radiographic contrast studiesY ,18,~ This information is enormously significant in deciding whether surgery is indicated, especially in the absence of radiographic evidence of bone defects. Myelographic absence of spinal cord compression should contraindicate surgical decompressive procedures.
The present study was undertaken to assess the role of gas myelography in the diagnosis and treatment of acute cervical spine injuries with neurological involvement.
Clinical Material and Methods

Clinical Material
Twenty-two patients with severe, acute injuries of the cervical spine were studied. Fourteen had a complete sensorimotor lesion from the very onset, three had an incomplete sensorimotor lesion, and five had an incomplete sensory but complete motor lesion. Ten patients were 17 to 29 years old, six were 31 to 44, and six were between 55 and 65 years old. There were three female and 19 male patients. The modes of transportation and relative times of arrival at the Spinal Cord Injury Center in Geneva, Switzerland, have been indicated in Fig. 1 . Twenty-two gas myelographies were performed on 22 patients; 11 were done less than 24 hours after injury: five within 6 to 9 hours, three within 13 to 15 hours, and three others within 22 to 24 hours. In five out of the remaining 11 patients Gas myelography to evaluate spinal cord injury myelography was performed within 3 to 6 days after injury (Fig. 2 ).
Technique
The myelographies were carried out using the hypocycloidal motion of the Philips Massiot Polytome. 1~ All examinations were performed under general anesthesia with the patient in cervical traction (Crutchfield tongs) to maintain the neutral position of the cervical spine. During intubation special care was taken to neither flex nor extend the spine. Patients were positioned on the right side, and the table was inclined 15 ~ from the horizontal (Trendelenburg's position). After removal of 10 to 20 ml of CSF for laboratory study, usually 80 to 100 ml of oxygen were slowly injected via the lumbar route until the upper cervical subarachnoid space was visualized. In only one instance, that of a complete block, was it necessary to make an additional suboccipital subarachnoid puncture to visualize the cervical spinal cord above the region of the injury.
Lateral tomograms in the sagittal plane were made throughout the width of the cervical spine; cuts were obtained at 3-ram in- tervals due to the limitations of the available apparatus. However, we advise reducing the distance between different cuts at critical levels to 1 or 0.5 mm.
After radiography, excess oxygen was equilibrated with the atmosphere before the needle was removed. Afterward, patients were placed supine in bed, still in the Trendelenburg position, for about 24 hours; this usually prevented postprocedural headache or other morbidity. No untoward complications, such as further spinal dislocation, 17 occurred during or after any of the examinations.
It must be stressed that the results of this method depend upon the accuracy with which the technique is executed. The examination is usually limited to the region of bone injury and takes about 1 to 11/2 hours. Although this may be considered a long time, the possible disadvantage is greatly outweighed by the precise information gleaned from the procedure.
Results
Of the ll patients who underwent gas myelography less than 24 hours after injury, eight initially had complete symmetrical sensorimotor lesions while three had heterogeneous neurological involvement (Table 1) . In all but one case, the dislocation was reduced by skeletal traction within a few hours following admission.
Group 1
These eight patients had complete symmetrical sensorimotor lesions. Gas myelography was performed within 24 hours of injury. Two of these patients showed C-5 on C-6" C7-8 bilat.
2-3 mm 15 64 M incomplete sensory C-4 bilat.; retro-24 hrs increase of diameter of the incomplete motor C3-6R; listhesis right half of the cord complete motor C5-6L; C-3 on C-4; L hemiplegia spondylosis 16 19 M complete sensory C8-T1R; fract. C-5, 6 hrs obstacle at C6-7 level incomplete sensory T-1L; C-6; retrocomplete sensory T4-5L; listhesis complete motor C5-6 C-6 on C-7 bilat. 
FIG. 3. Case 2.
Left: Lateral gas myelogram performed 15 hours after injury shows fracturedislocation principally through the C7-T1 disc cartilage. Oxygen has escaped from the subarachnoid space into the region of the disc cartilage where it collects pre-vertebrally. Below the C7-T1 interspace the anterior subarachnoid space is small due to cord swelling; above the involved interspace, the subarachnoid space is displaced from the posterior aspect of the C-7 vertebral body. Right: Schematic diagram emphasizing the irregular relationships between the posterior aspect of the vertebral bodies, the subarachnoid space and the extruded disc material.
postoperative sensory improvement. In Case 1 gas myelography showed no compression of the spinal cord and neurological recovery probably would have occurred regardless of operation (anterior fusion). In Case 2, myelography showed narrowing of the spinal canal, protruded disc material, and extensive soft tissue damage (Fig. 3) . The myel.ogram helped because it pointed to extruded disc material, removal of which was followed by neurological improvement.
In six of eight patients, the gas myelograms revealed swelling of the spinal cord; in two, the cord could not be visualized. In four cases, a Queckenstedt maneuver performed immediately prior to gas myelography indicated a complete subarachnoid block; however, in three of these, gas ascended above the site of involvement.
Group 2
These five patients had complete and incomplete lesions. Gas myelography was performed more than 24 hours after injury. Two patients, one with a complete and one with an incomplete lesion, who underwent gas myelography 4 to 6 days after injury showed disc herniation; neurological improvement followed operation in both cases. In two other patients with initially incomplete lesions, gas myelography did not disclose cord compression, and no operation was carried out; marked sensorimotor improvement occurred in both. In the fifth patient gas myelography demonstrated a complete fracture dislocation without disc protrusion; open reduction was performed but no neurological improvement occurred.
Group 3
These three patients had unusual heterogeneous neurological lesions. Gas myelography was undertaken early. One patient (Case 14) had a complete lesion, except that touch sensation was spared from T4-12 on the right and T9-12 on the left. Gas myelography did not show any compression of the spinal cord. Marked neurological recovery occurred without operative interference. Another patient (Case 15) had an incomplete sensorimotor lesion. Gas myelography revealed enlargement of the medial and right para-midline portions of the spinal cord at the C3-4 levels (Fig. 4) , but did not indicate any need for surgery because the spinal cord was not compressed. Ascending neurological deterioration began 24 hours after injury and led to fatal respiratory insufficiency due to diaphragmatic paralysis. A third patient (Case 16) had complete symmetrical motor and asymmetrical sensory losses at C8-T1 on the right and T4-5 on the left. Gas myelography showed an extradural defect which at operation proved to be a herniated intervertebral disc at C6-7. Sensory improvement began 14 hours postoperatively. 
Discussion
In acute cervical spinal cord injuries with a patient in skeletal traction, myelography with positive contrast media entails certain dangers? 7 The patient is subjected to neck manipulation in order to cause an optimal flow of an oily contrast medium; furthermore, the use of iophendylate (Pantopaque) seems contraindicated when subarachnoid bleeding is present since the risk of secondary arachnoiditis is significantly increased? 8 Bloody CSF is common after severe spinal cord injury. This was true in four of our patients in whom gas myelography was carried out within 24 hours of injury. In this circumstance oxygen or air is a satisfactory and safe contrast medium.
Although the value of air as a myelographic contrast medium was first described by Dandy 6 in 1919 and by WiderSe a4 and Jacobaeus ~4 in 1921, gas myelography has been little used to investigate spinal cord injuries. ~la~'~~ Despite extensive experience in pneumomyelography, neither Jirout x5 nor Lindgren 1~ cite the application of gas myelography in the investigation of traumatic cord lesions. This paucity of early gas myelographic experience probably is related to the relatively inadequate apparatus then available.
Although neurological examination and conventional radiographs of the spine provide localization of most bone aspects of the lesion, gas myelography with tomography delineates the precise extent of bone damage and any accompanying fragments within the spinal canal, as well as the presence of the posterior disc herniation which may compress the spinal cord and further impair its vascular circulation. Schneide? 9 demonstrated that an anterior spinal cord syndrome may be caused by acute compression of the anterior spinal artery or by destruction of the anterior portion of the cord. Gas myelography yields more refined localization of spinal blocks or cord swelling than clinical methods such as Queckenstedt's maneuver. 4,5,9,~1 It also Gas myelography is especially important in patients with incomplete lesions, which usually have a greater likelihood of recovery? If these cases have demonstrated cord compression that might endanger restoration of neurological function, operation is indicated, as in Case 16.
In patients with an anterior cord syndrome, gas myelography should be performed early to rule out extruded disc material. Late gas myelography in two patients not included in this series showed extruded disc in both instances; initial diagnosis of this pathological entity might have modified these patients' neurological course (Fig. 5) .
Fla. 5. Gas myelogram, lateral projection, 4 weeks after injury, of a typical anterior cord syndrome with an incomplete sensory level C-4 and a complete motor level C5-6 bilaterally. Paramidline laminographJc cut shows a soft tissue radiodensity which obliterates the anterior subarachnoid space from the C4-5 level. At operation, two extradural disc pieces were evacuated.
differentiates a CSF block due to intrinsic expansion 2~ from one caused by extrinsic cord compression.
Experiments by Wagner, et al., 23 have shown that within the first 4 hours following injury, hemorrhages within the central gray matter impair the blood supply to this region. Thus when gas myelography indicates spinal cord compression it seems mandatory to alleviate this additional external insult as soon as possible since delay may prove intolerable to the already ischemic nervous tissue. 1 Conversely, when myelography does not reveal any cord compression, there is no indication for immediate surgery; in fact, patient mortality and morbidity are highest during the first days after injury when the autonomic functions are unstable.
In four of our patients gas myelography demonstrated extruded disc material; three of these patients showed marked postoperative improvement in touch sensation. We believe this recovery represents alleviation of both the cord compression and the interference with the blood supply to the anterior cord.
